化学反応を伴う温度成層乱流場の数値シミュレーション (乱流による輸送,拡散,混合の数理) by 大西, 領 et al.
Title化学反応を伴う温度成層乱流場の数値シミュレーション(乱流による輸送,拡散,混合の数理)
Author(s)大西, 領; 小森, 悟; 道岡, 武信




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University
(Ryo Onishi), (Satoru Komori) *
(Takenobu Michioka) *2
*lDepartment of Mechanical Engineering, Kyoto University
*2Central Research Institute of Electric Power Industry
1






























$\frac{\partial\overline{U_{\dot{l}}}}{\partial t}+\overline{U_{j}}\frac{\partial\overline{U_{i}}}{\partial x_{\mathrm{j}}}=-\frac{1}{\rho}\frac{\partial\overline{P}}{\partial x_{\dot{\iota}}}+\nu\frac{\partial^{2}\overline{U_{i}}}{\partial x_{j}\partial x_{j}}-\frac{\partial\tau_{ij}}{\partial x_{j}}-\beta g_{\dot{*}}(\overline{T}-T_{\epsilon})$ (2)
$\frac{\partial\overline{\Gamma_{i}}}{\partial t}+\overline{U_{j}}\frac{\partial\overline{\Gamma_{i}}}{\partial x_{j}}=\frac{\nu}{Sc}\frac{\partial^{2}\overline{\Gamma_{i}}}{\partial x_{j}\partial x_{j}}-i^{j}\partial q+\overline{\omega}\partial x_{j}$ (3)
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$\overline{\gamma_{A}^{*2}}\approx c_{f}\gamma_{A}^{\mathrm{s}2}-$ (7)
, $cf$ , Sc . Cook& $\mathrm{R}\mathrm{i}1\mathrm{e}\mathrm{y}^{[1]}$
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(Sc$=600$) $cf$ [6].
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(a) (b)
Fig. 1: Joint probability density functions of the filtered and test-filtered mean squared con-
centration fluctuations of species $\mathrm{A}:(\mathrm{a})$ in anon-reacting flow; (b) in areacting flow with a
moderately fast reaction.
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$\mathrm{C}\mathrm{o}\mathrm{o}\mathrm{k}\ \mathrm{R}\mathrm{i}1\mathrm{e}\mathrm{y}^{[1]}$ $Z$ . $Z$
, $(\mathrm{A}+\mathrm{B}arrow \mathrm{P})$ .
$Z=\Gamma_{A}-\Gamma_{B}$ (13)
, $Z$ $\Gamma_{A}$ .
$\zeta=\frac{Z-Z_{B0}}{Z_{A0}-Z_{B0}}$ $(0\leq\zeta\leq 1)$ (14)
, $Z_{A0}$ $Z_{B0}$ ,
A $Z_{A0}=\Gamma_{A0}$ , $\mathrm{B}$ $Z_{B0}=-\Gamma_{B0}$ .
$\zeta$ , (3) $\overline{\omega}$ .
$\frac{\partial\overline{\zeta}}{\partial t}+\frac{\partial\overline{U_{j}}\overline{\zeta}}{\partial x_{j}}=D\frac{\partial^{2}\overline{\zeta}}{\partial x_{j}\partial x_{j}}-\frac{\partial q_{j}}{\partial x_{j}}$ (15)
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$\overline{\Gamma_{\dot{*}}}=\int_{0}^{1}\mathrm{r}_{:}(\zeta)P(\zeta)d\zeta$ (16)
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$c_{f}’$ $=$ LO (for gas turbulenoe)







$U_{av\mathrm{e}}$ . $0.25\mathrm{m}/\mathrm{s}$ , .
.
(NaOH : A) \yen (HCOOCHs
: B)( 100 $\mathrm{m}\mathrm{o}1/\mathrm{m}^{3}$)
$\mathrm{N}\mathrm{a}\mathrm{O}\mathrm{H}+\mathrm{H}\mathrm{C}\mathrm{O}\mathrm{O}\mathrm{C}\mathrm{H}_{3}arrow \mathrm{C}\mathrm{H}_{3}\mathrm{O}\mathrm{H}+\mathrm{H}\mathrm{C}\mathrm{O}\mathrm{O}\mathrm{N}\mathrm{a}$ (18)
. $k_{r}\approx 0.02\mathrm{m}’/(\mathrm{m}\mathrm{o}\mathrm{l}\mathrm{s})$ .
( $\mathrm{C}\mathrm{H}_{3}\mathrm{C}\mathrm{O}\mathrm{O}\mathrm{H}$ : A) ($\mathrm{N}\mathrm{H}_{4}\mathrm{O}\mathrm{H}$ :
B)( 10 $\mathrm{m}\mathrm{o}1/\mathrm{m}^{3}$)
$\mathrm{C}\mathrm{H}_{3}\mathrm{C}\mathrm{O}\mathrm{O}\mathrm{H}+\mathrm{N}\mathrm{H}_{4}\mathrm{O}\mathrm{H}arrow \mathrm{C}\mathrm{H}_{3}\mathrm{C}\mathrm{O}\mathrm{O}\mathrm{N}\mathrm{H}_{3}+\mathrm{H}_{2}\mathrm{O}$ (19)
. $k_{\mathrm{r}}\approx 10^{8}\mathrm{m}^{3}/(\mathrm{m}\mathrm{o}1\mathrm{s})$ .
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, 280 $\mathrm{x}80\mathrm{x}80$ . ( $M=0.02\mathrm{m}$)
$0.02\mathrm{m}$ .
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, 21 SGS ,
22 SGS .
Fig. 2: The computational domain for grid-generated turbulence.
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Fig. 3: Streamwise distributions of the mean concentration of species P. Symbols denote the
measurements and the lines are the LES predictions by (a) the present SGS model with $cf=d_{f}$




$0.165\mathrm{m}/\mathrm{s}$ , $0.085\mathrm{m}/\mathrm{s}$ , $0.125\mathrm{m}/\mathrm{s}$ ,
$0.08\mathrm{m}/\mathrm{s}$ . T 1OK
, 1OK
.
( $\mathrm{C}\mathrm{H}_{3}\mathrm{C}\mathrm{O}\mathrm{O}\mathrm{H}$ : A) ($\mathrm{N}\mathrm{H}_{4}\mathrm{O}\mathrm{H}$ : B)(
10 $\mathrm{m}\mathrm{o}1/\mathrm{m}^{3}$) ( ) .
321








, 360 $\mathrm{x}80\cross 60$ .
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. .
$\frac{\partial F}{\partial t}+\overline{U_{j}}f\frac{fi}{\partial x_{j}}=\frac{\nu}{Pr}\frac{\partial^{2}F}{\partial x_{j}\partial x_{j}}-\frac{\partial h_{j}}{\partial x_{j}}$ (20)
$h_{j}$ SGS . $\tau_{\dot{\mathrm{t}}j},$ $q_{j}$ ,
Dynamic SGS .
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(21) LES (22)
, SGS .
Fig. 4: The computational domain for athermally stratified mixing layer.
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$0.1$ $y$ $ye1,$ $<C_{A}^{*}>/C_{A0}=0.9$ $y$ $y\mathrm{c}2$ , .
$\delta_{\mathrm{C}}=|y_{\mathrm{c}1}-y_{c2}|/0.8$ (24)
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Fig. 5: Streamwise distributions of the mixing layer width (a) in the velocity field and (b) in the
concentration field. Symbols denote the measurements, the thick lines are the LES predictions
based on the equation (21) and the thin lines are the LES predictions based on the equation








Fig. 6: Streamwise distributions of the amount of chemical product. Symbols ae in Fig. 5.
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